Introduction
Infrastructural projects are very crucial in the overall development of society. They cater to the basic needs of the population and promote the growth of economy. The lack of basic infrastructure services, particularly electricity, has contributed to the general lack of security in various parts of the country. Today most Iraqis have limited access to essential basic services, including electricity, water supply, sanitation, and refuse collection. Serious environmental and health risks associated with contaminated water supplies, inappropriate handling of solid waste, and disposal of sewage threaten to further burden the already stressed health system [1] .
After war against America in 2003, the young Iraqi government is trying to rebuild the basic infrastructures to cater to the needs of the people. Due to rapid industrialization and population growth in some of these regions, and increasing recognition of the regional and global environmental impacts of certain development projects, the need to apply EIA in these countries effectively is apparent. Environmental assessment of the infrastructural projects is a mandatory requirement of the international sponsoring loaning agencies (UNEP, UNESCO, WHO, JICA, World Bank etc.). The International Organization for Standardisation (ISO) Standard 14011, which covers EIA, includes principal steps such as general requirements, environmental policy, planning, implementation and operation, checking and corrective action, and management review. Many of the current assessment approaches embody the steps of prediction, scaling and significant interpretation. The scientific validity of the technology available for the prediction of impacts varies depending upon the particular environmental descriptor.
Objectives and Approach
Environmental assessment of the proposed and ongoing Infrastructural projects in water sector is the primary objective of this study. Out of the various methodologies reportedly used to assess the environmental impact assessment of the infrastructural projects, three methods viz. Cost and benefit [2] , Checklist [3] and Strategic Environmental Assessment (SEA) [4] , have been used for each project. Checklist approaches present types of impacts typically associated with particular categories of projects. From a master list of environmental factors and environmental impacts, impact statements preparers select and evaluate those impacts expected for the particular alternative under consideration. There are four basic categories of checklists viz. simple checklist, descriptive checklist, scaling checklist and scaling weighting checklist. Strategic environment assessment examines whether an intervention has achieved its intended outputs and outcomes. The challenge is to define clearly how to measure these achievements in an objective and robust manner. Finally the most contentious analysis in an EIA is the cost benefit analysis. It is a tool that decisionmakers use to choose between alternative courses of action and in deciding whether a proposed project should go ahead or not.
Study Area
The capital city of Iraq, Baghdad has been selected as the study area (Figure 1) . Baghdad is located at about 33.29˚N, 44.40˚E. The city lies on a vast plain bisected by the Tigris River. The Tigris splits Baghdad in half, with the Eastern half being called "Rusafa" and the Western half known as "Karkh". The study area, covering the whole Baghdad Mayoralty (BM) area, is divided into eleven administrative districts (municipalities) viz. Adhamiya, Sader 1, Sader 2, Rusafa, Nissan, Karadah, Khadamiyah, Mansour, Karkh, Rasheed and Doura [5] . Baghdad has a hot arid climate and is, in terms of maximum temperatures, one of the hottest cities in the world. The city has about 7.4 million inhabitants (2005 estimate), situated in the interior of the country on the Tigris River at the point where land transportation meets river transportation, and where the distance between Tigris and the other main river of Iraq, Euphrates, is the shortest. The soil consists of about 10 m deep silt-clay soil strata on the surface, and thick sand/gravel strata beneath it [6] . The study region has been classified to 25 land use/land cover classes from 1973 to 2007 using ArcGIS v.9.1 software [7] . There are a wide variety of industries, producing leather goods, furniture, wood products, chemicals, electrical equipment, textiles, clothing, bricks, cement, tobacco, processed food and beverages [8] .
Since 1991, the water supply and sanitation sector has experienced a steady but devastating decline. At the end of the 2003 war, Iraq's infrastructure was seriously degraded. The deficiency of basic infrastructure services has added to the general lack of security in various parts of the city. The majority of the population had limited or inadequate access to essential basic services. Those who could afford it relied on costly alternatives for electricity and water services. Contaminated water supplies, improper handling of solid waste and disposal of sewage led to environmental degradation and increased health hazards. What had escaped destruction and looting operates at minimal capacity due to years of neglect and lack of maintenance. This situation weakened urban economies and the income of the population. Without the improvement project, the current severely deteriorated public health and water environment in Baghdad will further get worse, and reducing essential services to its people. Public health conditions will continue to deteriorate in the absence of adequate sewerage services in Baghdad. Pollution of local groundwater and of the Tigris River, already serious, could rise to more dangerous levels. The disposal and waste system, and animal retention areas and pens are primitive, ineffective, and a major health risk. Furthermore, environmental standards for odour control, waste disposal, and effluent control and treatment do not exist [1] .
Furthermore, the unpaved and dilapidated conditions of roads in the cities and residential quarters, the lack of proper storm water drainage, and the formation of stagnant water pools and the muddy/sandy roads' conditions are impeding the flow of human and vehicular traffic and increasing health risks. The majorities of governorates suffer from insufficient and damaged urban roads and storm water drainage, street lighting and social facilities. Improving the roads' conditions and increasing their capacity in major urban areas becomes necessary for improved access of the populations to markets and social services and for the economic well-being of the city [9] .
Proposed Projects
Various infrastructural projects that are considered for the present study are described briefly below. These projects are the initiatives taken up by the government of Iraq with the support of the international funding organizations like World Bank, JICA etc. to improve the deteriorating status of water and wastewater treatment plants. They are briefly described in the following paragraphs.
Improvement of Integrated Sewerage System in Baghdad
In order to improve such acute deterioration of public health and environmental conditions in Baghdad, BM and the Japan International Cooperation Agency (JICA) started this project to establish an immediate improvement program for the Baghdad Sewerage System. Figure  2 represents the activity locations of project 1 The study area, covering the whole BM area, was divided into eleven administrative districts (municipalities) viz. Adhamiya, Sader 1, Sader 2, Rusafa, Nissan, Karadah, Khadamiyah, Mansour, Karkh, Rasheed and Doura. The sewer service area was divided into two sewer districts, 1) Rusafa and 2) Karkh. The study report [10] presented the results of identification and field survey on the present situation of Baghdad's sewerage system, and provided planning bases for the forthcoming Master Plan (M/P) and Feasibility Study (F/S) on the improvement of Baghdad integrated sewerage system. Also the need for the sewerage system improvement strategy plan was examined, and priority sewerage components that are to be immediately rehabilitated and/or extended were selected [11] . 
Emergency Baghdad Water Supply and Sanitation Project
This project represented the first phase of the Emergency Infrastructure Reconstruction Program, described in the Project Information Document (PID) of April 21, 2004 [1] , which intended to cover five sectors: water supply and sanitation, electricity, urban rehabilitation, transport, and telecommunications. The project addresses the urgent reconstruction needs of Baghdad including water mains, distribution pipes, sewer collectors, pumping stations, small treatment plants, and auxiliary facilities. It provides support to the MOB to better manage projects at the design, supervision, operation and maintenance stages by building the capacity of the staff working in the water supply and sanitation sector. It also includes the development of a Comprehensive City Development Plan (CCDP) to ensure that future expansion of the water supply and sanitation networks are in line with the overall urban development plan for the city. The principal objective of the project is to assist in restoring basic water supply and sanitation services for the capital city of Baghdad through 1) the reconstruction and rehabilitation of existing priority networks and treatment facilities and 2) providing capacity building support through training and technical assistance.
Emergency Water Supply, Sanitation and Urban Reconstruction Project
The project represents the part of the Emergency Infrastructure Reconstruction Program, described in the Project Information Document (PID) of April 21, 2004, which intended to cover five sectors: water supply and sanitation, electricity, urban rehabilitation, transport, and telecommunications [9] . The project addresses the urgent sectoral needs of urban communities outside Baghdad including rehabilitation of water and sewer networks, pumping stations, small treatment plants, community roads and other urban facilities. It provides support to the MMWP to better manage projects at the design, supervision, operation and maintenance stages by building the capacity of its staff. The principal objective of the project is to restore some basic water supply, sanitation and urban services for urban areas outside Baghdad City through 1) the reconstruction and rehabilitation of existing facilities, and 2) providing capacity building support through training and technical assistance. This project also aims to improve the existing environmental and health conditions by renewing the old water networks and sanitation services. It will also contribute to the reduction of waterborne diseases through the reduction of water supply by tankers and the provision of potable water and sanitation networks. This would also help improve the economic conditions of the population by reducing the amounts of water obtained from tankers, which is generally more expensive.
Baghdad Infrastructure Reconstruction
The principal objective of the project is to restore essential infrastructure and services by addressing the urgent reconstruction needs highlighted in the Needs Assessment. The project will also create badly needed employment; and it will help build Iraq's capacity to manage large-scale reconstruction. The component of this project includes rehabilitation of chlorine and chemical process in all water treatment plants, rehabilitation of pumping stations in all water treatment plants, constructing of new networks for newly planned cities and sub-cities, technical assistance and capacity building [12] .
Results of Environmental Assessment
The details of evaluation for the first project are given below. The results of checklist are presented in Table 1 (water supply checklist) and Table 2 (sewage treatment checklist). The results for cost and benefit analysis are shown in Table 3 . The same procedure of analysis has been adopted for the other three projects and overview is presented in the end. In the checklist for water supply and sewerage certain numerical values have been assigned which measure the impact of a particular condition in the checklist. These numerical values range from 0 to 5 where 0 means no impact and 5 means maximum impact. These values were assigned on the basis of visual interpretation of the project site and information provided by the Ministry of Environment.
The first project (Improvement of integrated sewerage system in Baghdad) satisfied all the conditions included in the checklist and the Strategic Environmental Assessment (SEA) method. From the cost and benefit method, the cost involved in the project was evaluated to be 2714 × 10 6 US$ the benefit 6185 × 10 6 US$. This gives a B.C Ratio of 2.28, which is greater than 1, indicating that the benefit obtained is more than the cost involved.
A brief discussion on the results obtained for the other projects is presented below:
In case of the second project there were certain conditions mentioned in the checklist for water supply that were not fulfilled. The intake wells were not adequately protected, inadequate buffer zone around pumping stations and treatment plants to reduce noise. This project also lead to relocation of people and an increase in road traffic due to interference of construction activities. There was an excessive abstraction of water affecting downstream water users. In the case of the checklist for sewage and sanitation many conditions were violated. There was interference with other utilities and blockage of access to buildings, nuisance to neighboring areas due to rodents, insects and noise. There was dislocation or involuntary resettlement of people, inadequate buffer zone around the pumping stations and social conflicts between construction workers from other areas. Apart from this there was a lot of noise and dust from construction activities, traffic disturbances due to construction material temporary silt runoff due to construction. The SEA method showed that the project is unable to avoid conflicts between the water users. There was inadequate protection of intake wells and no buffer facilities have been provided to alleviate noise. The pumping stations for waste were not given enough buffer facilities and due to improper waste disposal techniques the downstream water quality was found to be bad. Finally the total cost involved in the project is 267 × 10 6 US$ and the benefit attained was 367 × 10 6 US$. The B.C Ratio thus came out to be 1.33. Since the B.C Ratio is greater than 1, it indicates that the benefit attained is greater than the cost involved.
For the third project the water supply checklist indicated that there was inadequate buffer zone around pumping and treatment plants to alleviate noise and other possible nuisances and protect facilities. The project caused dislocation or involuntary resettlement of people. There was a lot of noise and dust from construction activities. There was increased volume of sullage and sludge from the wastewater treatment plant. The sewage treatment plants were flooded with overflowing sewage, blocking access to building and some were breeding grounds for mosquetoes and rodents. In some places there was discharge of hazardous materials into sewers resulting in blockage. Due to lack of funds and frequent wars, proper care was not taken towards groundwater pollution due to untreated sewage. The SEA method showed that in case of water supply the project satisfies all the conditions except for one condition, which said that no buffer facility was provided around the project to alleviate noise and other nuisances. This resulted in a lot of noise pollution in the surrounding areas. In case of sewage and sanitation checklist, the sewage pumping stations were located within the city and not well kept. They were not well buffered and in unhygienic conditions. In some cases the intake of the sewage treatment plants was more than its capacity, which lead to unhygienic conditions in the surrounding areas. Further, considering the cost and benefit method it was found that the cost involved in this project was 37 × 10 6 US$ and the benefit obtained was 62 × 10 6 US$. Thus the B.C Ratio came out to be 1.67. Since the B.C Ratio is greater than 1, it showed that the benefit is greater than the cost, which further indicated that the project is good. The total cost involved was found to be 267 × 10 6 US$ and the benefit attained, 367 × 10 6 US$. The B.C. Ratio came out to be 1.33. In this case also the B.C Ratio is greater than 1, which indicated that the benefit is greater than the cost.
In case of the 4 th project, the checklist for water supply showed that there is an inadequate protection of intake wells or works, leading to the pollution of water supply, increase in production of sewage beyond capabilities of community facilities, inadequate buffer zone around pumping stations and treatment plants to lower down noise, insufficient health and safety hazards to workers from the management of chlorine used for disinfection and other contaminants. In the checklist for sewage treatment most of the conditions were not satisfied. The conditions that were satisfied were adequate protection of historical places, adequate buffer zone protection to the pumping stations, settling social conflicts among the water users, protection from noise and dust and avoiding traffic disturbances. From the SEA method it was seen that in case of water supply, sometimes the treatment plant capacity was less than the intake due to which large qualities of wastewater and sewage was thrown untreated. The pumping stations were located within the cities and were not well maintained giving rise to noise pollution and unhygienic conditions. Further, from the cost and benefit method, it was found that the total cost involved is 351 × 10 6 US$ and benefit, 395 × 10 6 US$. Thus the B.C Ratio was 1.12. This Ratio is again greater than 1, which shows the benefit is greater than the cost.
Conclusions
After evaluation one can say that the first project is the best project, the next best project is the third project followed by the second project and finally the least good project is the fourth project.
